INTRODUCTION
promote apoptosis, examples include the closely-related Bunyamwera virus (BUNV) via 115 activation of interferon regulatory factor 3 (IRF-3) and its related signalling pathways, and
116
Oropouche virus in response to viral protein expression [19] , [20] . Despite activation of 117 apoptosis, BUNV and La Crosse virus (LACV) also regulate the induction of apoptosis at the 118 early stages of infection through expression of the non-structural protein of the S segment 119 (NSs) [21] . Together these strategies demonstrate the extensive arsenal viruses employ to 120 modulate the cellular response to support their replication and survival.
121
In this study, we show that HAZV infection induces apoptosis in mammalian cells, and 122 that N acts as a substrate for caspase 3 cleavage within infected cells. We identify the site of 
146
SW13 monolayers were infected with HAZV at the specified multiplicity of infection
147
(MOI) in serum-free DMEM (SFM) at 37¡C. After 1 hour, the inoculum was removed and cells
148
washed in phosphate buffered saline (PBS), fresh DMEM containing 2.5% FBS, 100 U/mL 149 penicillin and 100 µg/mL streptomycin was then applied for the duration of the infection. For 
157
Virus purification.
158
HAZV was grown in SW13 cells and purified as previously described [23] . Briefly,
159
SW13 cells were infected as described above and virus-containing media harvested 72 hours 160 post infection. HAZV-containing media was then clarified via centrifugation at 4000 x g for 20
161
minutes then HAZV particles were purified by pelleting through a 30% sucrose cushion, and 
218
SDS polyacrylamide gels by electrophoresis and transferred to fluorescence compatible PVDF
219
(FL-PVDF) membranes. Sheep HAZV-N antiserum generated as previously described [25] 220 was used to detect HAZV-N, and was subsequently visualised using fluorescently labelled 
271
Previously, we and others have shown that nairoviruses possess conserved caspase
272
cleavage sites within their respective N proteins [11] , [12] . The N protein of CCHFV possesses 273 an exposed DEVD motif that is recognised by caspase 3, and which has been suggested to 
284
The expression and integrity of HAZV-N was investigated in SW13 cells following
285
infection with HAZV at 24, 48 and 72 hour time points post infection by western blot analysis 286 using HAZV-N antisera (Fig 2A) (Fig 2A and B) . In order to visualise the location of the 301 cleavage site, the 269 DQVD 272 motif is shown in relation to the 3D structural model and 2D
302
schematic of HAZV-N (Fig 2D and E) .
304
HAZV-N cleavage is abrogated by broad spectrum caspase inhibition.
305
To confirm the N protein cleavage products detected in cells (Fig 2) were caspase 
326
( Fig 2A) .
327
To investigate whether the DQVD motif was the site of caspase cleavage, both wild- 
338
Crucially, in these apoptotic cells, the »20 kDa and »30 kDa cleaved forms of N were detected 339 in cells expressing WT HAZV-N (Fig 4A, blot 4 and 5), and were almost undetectable in cells expressing mutant HAZV-N D272A (Fig 4A) . Taken together these observations indicate
341
cleavage at the DQVD site results in the observed HAZV-N-specific »20 kDa and »30 kDa 342 products.
343
In this STS experiment, we used the detection of caspase 3 and its cleaved derivative 344 solely as a marker for apoptosis induction. However, we previously demonstrated that
345
CCHFV-N is a substrate for caspase 3 resulting in cleavage at its DEVD motif (Fig 4B) , and
346
work by others has shown that HAZV-N can also be cleaved by caspase 3, to apparently yield 347 multiple products in the 20-30 kDa range [11] . To clarify the origin of these species, we next 
360
( Fig 2A) . Taken together, these data show the »20 kDa and »30 kDa fragments seen in HAZV
361
infected cells are caspase 3 generated.
363
Apoptosis and cleavage of HAZV-N is not observed in tick cells.
364
Nairoviruses such as CCHFV and HAZV are arboviruses that persist in life-long latent
365
infections of their Hyalomma tick host, which contrasts sharply with the acute outcome of 366 infection in human hosts, and is indicative of radically different host-pathogen interactions in 367 these different cellular environments. In order to further explore these differences, HAZV
368
infection of the tick cell line, HAE/CTVM9 was examined for its ability to support virus 369 replication and induce apoptosis, as previously shown in SW13 cells (Fig 1A and B) . Tick cells
370
and SW13 cells were infected with HAZV and cell lysates were examined for expression of 371 HAZV-N (Fig 5A and B) 
377
Consistent with this finding, and the identification of the DQVD caspase 3 cleavage 378 site in HAZV-N (Fig 4) , the »20 kDa and »30 kDa caspase cleavage products of HAZV-N were 379 either absent or detected in very low abundance in the HAE/CTVM9 cells (Fig 5B) indicating in a similar location to the NSs ORF of CCHFV [33] . In the case of CCHFV replication, the use of caspase inhibitors to block apoptosis induction resulted in a modest increase in virus titres, leading to the suggestion that apoptosis was a pro-cellular response that resulted in the restriction of virus growth. This suggestion raises several interesting questions, such as why does CCHFV express a pro-apoptotic protein that subsequently reduces virus titres, and clearly more work remains to be done to resolve these fundamental questions. One possibility is that the function of innate immune regulating components, such as the above mentioned NSs protein, is confined to one or other of the natural hosts, rather than both, by differential ability to interact with a respective host factor. Our observation that HAZV infection of tick cells in culture does not induce apoptosis may directly relate to the ability of the virus to establish persistent infections in the tick host. It could be that HAZV possesses the ability to delay or prevent apoptosis induction in the tick cell, but may be ineffective in preventing apoptosis induction in mammalian cells due to differences in effector host components.
La Crosse virus (LACV), for example, is another arbovirus of the Bunyavirales order, which infects both mammalian and insect hosts, however the outcome of these infections are extremely different; whilst mammalian cells display extensive cytopathic effects as a result of the inhibition of the anti-apoptotic properties of heat shock chaperone 70 [34] , infection in mosquito cells is not cytopathic and leads to persistence [35] . This difference in infection outcome in vector and host cells is also mirrored in BUNV infections, where cytopathic effects are detectable by 36 hours post infection in mammalian cell lines, whereas persistent, noncytopathic infections are established in mosquito cells [36] .
A further interesting aspect of nairovirus apoptosis induction is the cleavage of the N protein, which we previously showed occurred in vitro at a conserved site on the exposed tip of the CCHFV-N arm domain [12] . Here we show a similar caspase cleavage event occurs at the equivalent site on HAZV-N during mammalian cell infection.
It remains to be determined what role the cleavage of HAZV-N by cellular caspases might play in the replication cycle of HAZV. In the case of influenza virus, caspase cleavage of its functionally analogous N appears to be required for infection, as evidenced by the finding that viruses bearing caspase site alterations cannot be rescued into infectious viruses [37] . In the case of Junin arenavirus (JUNV), the functionally-analogous N protein possesses multiple caspase cleavage sites that are thought to act as decoy caspase 3 substrates, thereby interfering with activation of downstream executioner caspases, and delaying apoptosis induction [28] . This conclusion is consistent with the high conservation of these JUNV caspase recognition motifs, which interestingly, is also a feature of the nairovirus N. In the face of the high mutation rate of RNA viruses, we believe the conservation of these cleavage sites is highly suggestive of a pro-viral role, although what this role might be is currently unknown.
Previous work has shown that alteration of the caspase cleavage site in CCHFV-N increases RNA synthesis, indicating the role of this cleavage may be at an alternative stage of the virus life-cycle [38] . It is also worth noting that the cleavage site of HAZV-N lies at the critical interface between monomers when they are in an oligomerised state, and alterations to this motif may have structural impacts in addition to loss of the cleavage site [24] . In contrast to the outcome of infection in mammalian cells, we showed that HAZV infection in tick cells was not associated with substantial N cleavage. This is an important finding as it suggests that such cleavage events are not obligatory for completion of the many roles of N in the HAZV infectious cycle, such as RNP assembly, RNA synthesis, segment packaging and virion assembly. Further analysis of the role of the conserved DQVD motif, and N caspase cleavage will be facilitated by the development of a reverse genetics system for HAZV, to complement the system already available for CCHFV. 
